Background/Aims: The CHADS 2 score, used to predict the risk of ischemic stroke in atrial fibrillation (AF) patients, has been reported recently to predict ischemic stroke in patients with coronary heart disease, regardless of the presence of AF. However, little data are available regarding the relationship between the CHADS 2 score and cardiovascular outcomes. Methods: This was a retrospective study on 104 patients admitted for acute coronary syndrome (ACS) who underwent coronary angiography, carotid ultrasound, and transthoracic echocardiography. Results: The mean age of the subjects was 60.1 ± 12.6 years. The CHADS 2 score was as follows: 0 in 46 patients (44.2%), 1 in 31 (29.8%), 2 in 18 (17.3%), and ≥ 3 in 9 patients (8.7%). The left atrial volume index (LAVi) showed a positive correlation with the CHADS 2 score (20.8 ± 5.9 for 0; 23.2 ± 6.7 for 1; 26.6 ± 10.8 for 2; and 30.3 ± 8.3 mL/m 2 for ≥3; p = 0.001). The average carotid total plaque area was significantly increased with CHADS 2 scores ≥ 2 (4.97 ± 7.17 mm 2 vs. 15.52 ± 14.61 mm 2 ; p = 0.002). Eight patients experienced cardiovascular or cerebrovascular (CCV) events during a mean evaluation period of 662 days. A CHADS 2 score ≥ 3 was related to an increase in the risk of CCV events (hazard ratio, 14.31; 95% confidence interval, 3.53 to 58.06). Furthermore, LAVi and the severity of coronary artery obstructive disease were also associated with an increased risk of CCV events. Conclusions: The CHADS 2 score may be a useful prognostic tool for predicting CCV events in ACS patients with documented coronary artery disease.
INTRODUCTION
The CHADS 2 score (scored as 1 point each for presence of congestive heart failure, hypertension, diabetes, or age ≥ 75 years; and 2 points each for prior stroke or transient ischemic attack) has been used to estimate the risk of ischemic stroke in patients with atrial fibrillation (AF) [1] . Recent data have demonstrated that this score can predict ischemic stroke even in patients with stable angina or acute coronary syndrome (ACS), irrespective of the presence of AF [2] [3] [4] . The CHADS 2 score was also introduced as a predictor of stroke severity, functional outcomes in AF patients, and short-term functional outcomes in stroke patients with a medical history of coronary heart disease (CHD) [4, 5] . However, whether the CHADS 2 score can predict cardiovascular events in patients of ACS remains unknown.
The predictive value of the left atrial volume index (LAVi), based on corrected left atrial volume (LAV) divided by the body surface area, has been established for cardiovascular events [6] [7] [8] . LAV reflects the cardiac burden resulting from the chronic elevation of left ventricular filling pressure and diastolic dysfunction [9] . Elevated LAVi has been reported as a poor prognostic factor for patients with cardiac diseases such as myocardial infarction and heart failure [6, 10, 11] . Some studies have reported that increased LAV or LAVi can predict poor cardiovascular outcomes even in the general population [12, 13] . Another factor considered to have a possible prognostic value for cardiovascular outcomes is atherosclerosis of the carotid artery, i.e., intima-media thickness (IMT) and carotid plaque area [14] . The carotid total plaque burden may predict outcomes of stroke and myocardial infarction [15, 16] . However, unlike information for LAVi, data regarding the relationship between the carotid plaque burden and cardiovascular outcomes remain insufficient [17] .
We hypothesized that the CHADS 2 score can predict cardiovascular and cerebrovascular (CCV) events in ACS patients with documented coronary artery disease without AF. We used two main parameters for estimating the outcomes: the direct value from the actual CCV event and the indirect value reflecting adverse CCV outcomes, i.e., LAVi, which is already known as an adverse predictor of cardiovascular events. In addition, we also assessed the carotid plaque area and IMT. Thus, we investigated the correlation between the CHADS 2 score and carotid total plaque area with LAVi for the evaluation of cardiovascular outcomes.
METHODS

Study population
This retrospective cohort study included patients from a single medical center (Ewha Womans University Mokdong Hospital, Korea). The medical records of patients hospitalized for ACS who underwent coronary angiography between July 2008 and August 2013 were reviewed. The inclusion criteria were as follows: (1) patients admitted for ACS who underwent coronary angiography that revealed coronary artery obstructive disease (CAOD), (2) patients who underwent transthoracic echocardiography (TTE) during their stay in hospital, and (3) patients who underwent carotid ultrasound within 6 months of admission. The exclusion criteria were as follows: (1) underlying disease related to increased cardiac preload (liver cirrhosis or end-stage renal disease), (2) evidence of AF confirmed on electrocardiogram, and (3) moderate to severe valvular regurgitation or any degree of valvular stenosis.
CAOD was defined as ≥ 50% luminal narrowing of any major coronary artery on the angiogram.
In total, 133 patients satisfied the inclusion criteria, and 104 patients were eventually analyzed in this study after excluding 29 patients. Follow-up data for outcomes were obtained from medical records or telephone interviews when records were not available. This study was approved by the Institutional Review Board of Ewha Medical Center.
Echocardiographic data
Echocardiographic data were obtained from the local medical information system, as recorded by TTE. TTE was performed using one of the three imaging ultrasound systems available in our hospital (iE33, Philips Medical Systems, Bothell, WA, USA; Acuson Sequoia C512, SIEMENS Medical Solution, Malvern, PA ,USA; Sonos 5500, Hewlett-Packard Co., Palo Alto, CA, USA). All examinations were carried out by skilled sonographers and were reviewed by two experienced cardiologists.
Left ventricular (LV) mass was calculated using the following formula [6] : 0.80 × 1.04 × {(LVEDD + LVST + PWT) 3 -(LVEDD) 3 } + 0.6, where LVEDD is the LV end-diastolic diameter, LVST is the LV septal thickness, and PWT is the posterior wall thickness. LV mass was indexed for the body surface area to obtain the LV mass index (LVMi).
Left atrial (LA) diameter was measured using the two-dimensional guided M-mode. LA volume was calculated using the formula for the ellipsoid model [6, 12] :
where L is the LA diameter in M-mode, and D1 and D2 are measured from the short and long axes in the apical four-chamber view. LAVi was defined as the ratio of the LAV to body surface area.
Carotid ultrasound
Either an 11-mHz (iE33 and Sonos 5500) or an 8-mHz (Acuson) frequency transducer was used for the carotid ultrasound. IMT was measured at a minimum of three points on the far wall at the carotid bulb. Digital captures of three cardiac cycles of the images or still images were stored. A thickness of > 1 mm for local IMT was defined as a plaque [15] . The plaque area was measured between clavicles and the angle of the jaw in the bilateral common, internal, and external carotid arteries in magnified longitudinal views [15] . The sum of all plaques was defined as the carotid total plaque area. Plaque area was assessed by offline processing (NeXus Ltd. version 11.1, Emed Co., Seoul, Korea) with manual tracing of the plaque area. The tracing was performed by an experienced sonographer (4 years of experience) and confirmed by a cardiologist.
Statistical analysis
The subjects' baseline characteristics were compared using the chi-square test for categorical variables and analysis of variance or the Kruskal-Wallis test for continuous variables. Values for the continuous variables are expressed as the mean ± standard deviation. The Cox-proportional hazards model was used to evaluate the relationships of the CHADS 2 score, echo parameters, and carotid atherosclerosis with CCV events. We measured cumulative event-free survival using the Kaplan-Meier method and compared unadjusted differences using the log-rank test. The percentage of excess risk explained for the CHADS 2 score was calculated using the following formula:
(HR of univariate analysis -adjusted HR) / (HR of univariate analysis -1) × 100 where HR is the hazard ratio.
A p < 0.05 was considered to indicate statistical significance. Statistical analyses were performed using the SPSS version 19.0 (IBM Co., Armonk, NY, USA).
RESULTS
Baseline characteristics
The baseline laboratory and clinical findings for the patients are listed in Table 1 . The average age of the 104 subjects was 60.1 years, and the proportion of female patients was 24%. The average baseline blood pressure was 136.2/74.5 mmHg. A history of hypertension was recorded for 40 patients (38.5%) and of diabetes mellitus for 25 patients (24.0%). The average fasting glucose and serum low density lipoprotein cholesterol (LDL-C) levels were 138.2 ± 49.4 and 121.0 ± 33.0 mg/dL, respectively. The average CHADS 2 score was 0.96 ± 1.16, and the majority of the patients had a score of 0 or 1 ( Table 1) .
All patients had ACS; ST elevation myocardial infarction (STEMI) was the most frequent clinical diagnosis in 66 patients (63.5%), followed by non-STEMI in 21 (20.2%) and unstable angina in 17 patients (16.3%) ( Table 1) .
Baseline characteristics according to the CHADS 2 scores are shown in Table 2 ; age and the presence of diabetes mellitus and hypertension increased with the CHADS 2 score by definition. Compared with the group with a CHADS 2 score of 0, the other three groups showed high systolic blood pressure and rapid heart rate. There was no significant difference in ACS type between the groups. (Fig. 1) . Carotid ultrasound revealed that 12 subjects (11.5%) had ≥ 50% stenosis, and 46 subjects (44.2%) showed evidence of carotid artery calcification. Carotid artery calcification and ≥ 50% stenosis were both related to the severity of CAOD (p = 0.03 and p < 0.001, respectively). Overall, eight patients (7.6%) showed left main coronary artery disease regardless of the culprit lesion for ACS. LVEF and LAVi showed no relationship with the severity of CAOD (p = 0.63 and p = 0.96, respectively).
CHADS 2 score
Increased average carotid IMT and plaque area were both related to a CHADS 2 score ≥ 2 (0.77 ± 0.22 mm vs. 0.97 ± 0.29 mm, p < 0.001 and 4.97 ± 7.17 mm 2 vs. 15.52 ± 14.61 mm 2 , p = 0.002, respectively) ( Table 4 ). An increased CHADS 2 score correlated with the presence of carotid artery calcification (p < 0.001) ( Table 4 ). LVMi and LAVi were also positively correlated with the CHADS 2 score; these correlations persisted after adjusting for smoking history, systolic blood pressure, sex, body mass index, LDL-C, and creatinine covariates (Fig. 2) .
Clinical outcomes
During a mean follow-up period of 662 days, eight cases of CCV events were observed (sudden cardiac death, 1; cerebral infarction, 1; unstable angina, 2; and myocardial infarction, 4). These events were used for the outcome analysis. Other events included new onset of AF (1 case), traumatic subarachnoid hemorrhage (1 case), and cancer-related death (1 case). Univariate analysis revealed that a CHADS 2 score ≥ 3, CAOD severity, and LAVi were related to an increased risk of CCV events (Table 5) . On multivariate analysis, this increased risk remained significant for a CHADS 2 score ≥ 3 and LAVi (model 3). Kaplan-Meier curves were plotted for the CCV out- Values are presented as number (%) or mean ± SD. IMT, intima-media thickness. The Korean Journal of Internal Medicine Vol. 31, No. 1, January 2016 comes (Fig. 3) . A CHADS 2 score ≥ 3 was related to an increased risk of CCV events (p < 0.001 by log-rank test).
DISCUSSION
The present study demonstrated that the CHADS 2 score is related to an increased risk of CCV adverse events in ACS patients with documented coronary artery disease. Furthermore, LAVi was associated with a significant HR in this study. Both LV mass and LAVi have already been established as risk factors for adverse cardiovascular outcomes in the general population as well as in subjects with CHD [13, [18] [19] [20] . Our data revealed a positive cor- 
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relation between the CHADS 2 score and both LVMi and LAVi. Increased LAVi, i.e., ≥ 32 mL/m 2 , has been demonstrated to be a poor prognostic factor [10] . However, in the present study, LAVi showed a positive correlation to the CHADS 2 score at values lower than 32 mL/m 2 ( Fig.  2A) . Based on these findings, the CHADS 2 score may play a role as an early functional and predictive index for a significant increase in LAVi. In addition, LVMi and LAVi increased steadily with the CHADS 2 score prior to changes in other echo parameters. A sudden decrease in left ventricular systolic function was only noted in patients with a CHADS 2 score ≥ 3. CAOD severity was positively correlated with the CHADS 2 score in this study. This finding also supports the predictive value of CHADS 2 scores for cardiovascular adverse outcomes. Based on the positive correlations between the CHADS 2 score and previously proven predictors of cardiovascular events, LAVi and CAOD severity, it was not difficult to forecast that the CHADS 2 score would have a predictive value for cardiovascular events. Our analyses revealed that a CHADS 2 score ≥ 3 was related to an increased risk of CCV events (HR, 14.31). Multivariate analysis (Table 5) revealed that the CHADS 2 score continued to be a significant factor after adjusting for the severity of coronary artery disease and LAVi (model 3), with a higher HR than that of LAVi. This result suggests that the CHADS 2 score is a stronger risk predictor than other parameters. However, due to the character of the CHADS 2 score, which is composed of several clinical variables including congestive heart failure, hypertension, age, diabetes, and stroke, LAVi and the severity of CAOD may actually play a pathophysiological role in CHADS 2 -related CCV events rather than act as confounding variables. In other words, the predictive value of the CHADS 2 score for CCV adverse events was partially due to LAVi and the severity of CAOD as follows: the percentage of excess risk in the CHADS 2 score was 27.6% as contributed by LAVi, 26.5% by CAOD severity, and 44.9% by both LAVi and CAOD severity (Table 5) .
Another eligible cardiovascular event predictor, as observed in this study, was the carotid total plaque area. The presence of carotid plaques has been reported as a possible predictor of future cardiac death and major cardiovascular adverse outcomes in ACS patients [21, 22] . Although there are certain similarities between coronary and carotid arterial disease, reflected as systemic atherosclerosis, ischemic stroke and ACS differ in pathophysiology and can result in different clinical outcomes [17] . In this study, we observed a steep increase in IMT and total plaque area in patients with a CHADS 2 score ≥ 2. However, no significant differences were observed in these parameters between CHADS 2 scores of 0 versus 1, 2, or ≥ 3. Furthermore, no relationship was observed for IMT or total plaque area with CCV adverse events in the Cox-hazard model. Carotid artery calcification and ≥ 50% stenosis were also not related (data not shown) in the same model. Additionally, we did not find any evidence that IMT, total plaque area, or the presence of carotid plaque were related to CCV outcomes (p = 0.55 by log-rank test). These differences in results may be because our study population differed slightly from those in previous studies; most of our subjects were diagnosed with acute myocardial infarction, with more than half being diagnosed with STEMI. Moreover, the small sample size may have also contributed to this difference.
This study has certain limitations. It included a small sample size and was a single-center study. Furthermore, although we evaluated outcome data, the study was limited by its retrospective, observational nature. The CHADS 2 score showed a predictive value for cardiovascular events in patients with ACS and documented coronary artery disease; statistically, the CHADS 2 score was a predictive tool for cardiovascular events (area of the receiver operating characteristic [ROC] curve, 0.73; The Korean Journal of Internal Medicine Vol. 31, No. 1, January 2016 standard error, 0.11; 95% confidence interval, 0.5 to 0.95; p = 0.03) (data not shown). We used a CHADS 2 score ≥ 3 for multivariate analysis based on the Kaplan-Meier survival curve (Fig. 3) , which showed markedly decreasing event-free survival. However, a low event incidence (only eight cases) rendered it difficult to confirm the cutoff value using the ROC curve due to low sensitivity. A prospective multicenter registry trial with a large sample population is needed to clarify our results.
In conclusion, our data showed that the CHADS 2 score, which is a well-known predictor of stroke in patients with AF, also has a predictive value for CCV events in ACS patients with documented coronary artery disease, regardless of AF. This may be because the CHADS 2 score is capable of reflecting the severity of CAOD and early diastolic dysfunction.
